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NASA Langley Research Center  

TETHERED BALLOON SYSTEMS 

INTRODUCTION 

The Aerosol Research Branch (ARB) of the Atmospheric Sc iences  D i v i s i o n  a t  

t h e  NASA Langley Research Center  was involved  i n  a tmospher ic  r e s e a r c h  u t i  l i z -  

i n g  t e t h e r e d  b a l l o o n  systems d u r i n g  t h e  period of 1979 through 1983. Two 

separate t e t h e r e d  b a l l o o n  systems were used which had payloads and conf igura-  

t i o n s  t a i l o r e d  t o  the needs and requirements  of a g i v e n  project. Each system 

w a s  capable of measuring a n  atmospheric parameter or species i n  s i t u  and t h e n  

t e l e m e t e r i n g  t h e s e  d a t a  i n  real time to  a ground s t a t i o n .  Meteoro logica l  data 

and ozone c o n c e n t r a t i o n  were t y p i c a l l y  measured wi th  these systems. One sys-  

t e m  w a s  capable of l i f t i n g  2.75 kilograms of payload to  800 meters. Four 

c h a n n e l s  of d a t a  could  be s e r i a l l y  telemetered to  t h e  ground f o r  real-time or 

post-experiment  a n a l y s i s .  A larger b a l l o o n  system w a s  capable of l i f t i n g  45 

k i loqrams to  775 meters or 30 kilograms t o  2500 meters. The t e l e m e t r y  system 

had s i x  channels  of d a t a  a c q u i s i t i o n  c a p a b i l i t y  which were stored for post- 

exper iment  a n a l y s i s .  Any f o u r  of the s i x  channels  could  be d i s p l a y e d  i n  real 

t i m e .  

The t e t h e r e d  b a l l o o n s  could  be s t a t i o n e d  a t  a r e q u i r e d  a l t i t u d e  or moved 

up and down a t  a rate ranging  from 0 to  45 meters p e r  minute. A d d i t i o n a l  

i n f o r m a t i o n  is a v a i l a b l e  and w i l l  be provided upon r e q u e s t  by Mr. O t t o  

Youngbluth, NASA Langley Research Center ,  Mail S top  475, Hampton, V i r g i n i a  

23665. 
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SMALL TETHERED BALLOON SYSTEM 

The small b a l l o o n  system w a s  used p r i m a r i l y  t o  o b t a i n  m e t e o r o l o g i c a l  and  

ozone d a t a  i n  t h e  f i e l d .  Some of t h e  projects which this b a l l o o n  system h a s  

suppor ted  are l i s ted  i n  Table  I. This  t e t h e r e d  balloon system (manufactured 

by Atmospheric I n s t r u m e n t a t i o n  Research Company of Boulder,  Colorado)  con- 

sisted of a blimp-shaped b a l l o o n ,  a f l i g h t  s e n s o r  package, a n  electric winch 

w i t h  800 meters of 50-kg tes t  l i n e ,  and a ground s t a t i o n  w i t h  a modif ied HP-97 

c a l c u l a t o r .  The e n t i r e  system w a s  portable and des igned  f o r  two-man s e t u p  and 

o p e r a t i o n  (Figs .  1 and 2 ) .  

P r o f i l e s  of t h e  atmosphere from ground to  800 meters and r e t u r n  were 

accomplished in  a b o u t  55 minutes .  Five s t a n d a r d  s e n s o r s  w e r e  recorded on a 

s i n g l e  c h a r t  recorder  i n  s e r i a l  t ime-mult iplex format .  F u l l - s c a l e  synchroni -  

z a t i o n  and zero  r e f e r e n c e s  were inc luded  i n  t h e  recorded  data to  s i m p l i f y  

real-time i n t e r p r e t a t i o n  and i n s u r e  d a t a  q u a l i t y .  All d a t a  were l i n e a r  and 

s c a l e d  f o r  quick c h a r t  i n t e r p r e t a t i o n .  

Ins t rument  Package 

The ins t rument  package (F ig .  3 )  c o n t a i n e d  s e n s o r s  to  d e t e c t  barometric 

p r e s s u r e ,  wind d i r e c t i o n ,  wind speed, dry-  and wet-bulb tempera tures ,  and 

ozone c o n c e n t r a t i o n .  The s e n s o r s  were s e q u e n t i a l l y  i n t e r r o g a t e d ,  and t h e  data 

c o n d i t i o n e d  and t r a n s m i t t e d  t o  t h e  ground s t a t i o n .  Dry- and wet-bulb tempera- 

t u r e s  were sensed by precis ion-matched t h e r m i s t o r s .  A three-cup anemometer 

w a s  used as the wind speed s e n s o r  and a clampable magnet ic  compass w a s  used as 

t h e  wind d i r e c t i o n  s e n s o r .  P r e s s u r e  f o r  deducing a l t i t u d e  w a s  d e t e c t e d  by a 

temperature-compensated a n e r o i d  t r a n s d u c e r .  The ozone s e n s o r  f i t  under t h e  

meteorology package. A t u b e  e x t e n d i n g  through t h e  b o t t o m  of the ozonesonde 

s e r v e d  as t h e  i n l e t  p o r t  through which a i r  w a s  drawn by a pump i n t o  a chamber. 

c 



3 

A f r e s h  s o l u t i o n  of potassium i o d i d e  w a s  poured i n t o  the chamber j u s t  prior to  

f l i g h t .  The i n t a k e  a i r ,  after pass ing  through a f i l t e r  t o  remove s u l f u r  

d i o x i d e ,  was bubbled through the s o l u t i o n  a t  a known rate so t h a t  o x i d a n t s  i n  

t h e  a i r  could  react chemica l ly  with t h e  potassium i o d i d e .  This r e a c t i o n  

produced an  e lectr ical  c u r r e n t  between t w o  e l e c t r o d e s  immersed i n  t h e  s o l u t i o n  

which w a s  p r o p o r t i o n a l  to  ozone c o n c e n t r a t i o n ,  t h e  p r i n c i p a l  o x i d a n t  p r e s e n t  

i n  t h e  Earth’s boundary l a y e r .  An analog m u l t i p l e x e r  i n t e r r o q a t e d  each s e n s o r  

v o l t a g e  i n  t i m e  sequence. The s i g n a l s  modulated a v o l t a g e - c o n t r o l l e d  

osc i l la tor  i n  t h e  t r a n s m i t t e r .  The d a t a  were ga thered  and p r i n t e d  o u t  every  

26 seconds ,  the  t i m e  r e q u i r e d  f o r  a complete t r a n s m i t t a l  and data r e d u c t i o n  

c y c l e .  One ( s e l e c t a b l e )  s e n s o r ,  however, could  be sampled cont inuous ly .  

The t e l e m e t r y  system c o n s i s t e d  of a n  FM, c r y s t a l - c o n t r o l l e d  t r a n s m i t t e r  

and r e c e i v e r .  D a t a  were t r a n s m i t t e d  a t  430 MHz i n  t w o  formats  on separate 

f requency  mul t ip lexed  audio  channels .  One channel  used an  FM-FM PAM time 

m u l t i p l e x  format  which could  be recorded immediately on a s i n g l e  s t r i p  c h a r t ,  

an  a u d i o  magnetic t a p e ,  or on both s imul taneous ly .  I n  t h i s  format, d a t a  

q u a l i t y  w a s  i n s u r e d  by i n c l u d i n g  high and l o w  r e f e r e n c e  d a t a  i n  t h e  

r e c o r d i n g s .  I n  t h e  second format ,  data from any one s e n s o r  were t r a n s m i t t e d  

c o n t i n u o u s l y  i n  FM-FM so t h a t  spectral informat ion  t o  25 Hz w a s  a v a i l a b l e .  A 

block  diagram i l l u s t r a t i n g  t h e  f l i g h t  i n s t r u m e n t a t i o n  package and t h e  ground 

s t a t i o n  is shown i n  F igure  4. 

A data frame i n  t h e  t i m e  mul t ip lex  format c o n s i s t e d  of a wide synchroni -  

z a t i o n  p u l s e  whose ampli tude was f u l l  scale, followed by e i g h t  s e n s o r  channels  

s e p a r a t e d  by z e r o  r e f e r e n c e  v a l u e s ,  All s e n s o r  d a t a  are l i n e a r  and are s c a l e d  

i n  m e t e o r o l o g i c a l  u n i t s  f o r  convenient  c h a r t  i n t e r p r e t a t i o n .  
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The e n t i r e  payload had been c a l i b r a t e d  u s i n g  s t a n d a r d s  which are trace- 

able t o  NBS or are based on fundamental  p h y s i c a l  p r i n c i p l e s .  N o  baseline 

r e f e r e n c e  c a l i b r a t i o n  w a s  r e q u i r e d  i n  t h e  f ie ld .  The measurement range and 

accuracy  of the s e n s o r s  are l i s t e d  i n  Table  11. 

The f l i g h t  i n s t r u m e n t  package c o n t a i n e d  a n  emergency t e r m i n a t i o n  system 

i n  the e v e n t  the system lo s t  i ts  t e t h e r  to  ground. Terminat ion would occur  

when t h e  s i g n a l  from the p r e s s u r e  s e n s o r  exceeded a preset l e v e l  caus ing  a 

pair of f l a s h  bulbs  to  be a c t i v a t e d .  The h e a t  from the f l a s h  b u l b s  m e l t s  a 

small h o l e  i n  t h e  b a l l o o n ,  c a u s i n g  it to  lose helium and descend. 

Ground S t a t i o n  

The ground s t a t i o n  w a s  des igned  to  p r o c e s s  the i n s t r u m e n t  package data. 

The ground s t a t i o n  c o n t a i n e d  a r e c e i v e r ,  a microcomputer, a s t r i p  c h a r t  

r e c o r d e r ,  and a v i s u a l  d i g i t a l  readout .  A l l  these components were c o n t a i n e d  

i n  a metal c a r r y i n g  case. The case was a l so  used t o  house t h e  f l i g h t  

i n s t r u m e n t  package (F ig .  5 ) .  The ground r e c e i v e r  w a s  a 400-420 MHz, 

narrow-band, c r y s t a l  c o n t r o l l e d  FM r e c e i v e r  (nominal  f requency is 403 MHz) .  

The microcomputer conta ined  an I n t e l  8 0 8 0 A  microprocessor  and 2500 words of 

memory. Most of  the  memory w a s  ROM (read o n l y  memory); t h e r e f o r e ,  t h e  program 

i n  t h e  computer w a s  permanent and could  n o t  be changed wi thout  r e p l a c i n g  t h e  

ROM 

One output  d e v i c e  w a s  t h e  b u i l t - i n  c h a r t  recorder. It could  a c c e p t  out-  

p u t  from any da ta  channel  which w a s  selected u s i n g  a t o g g l e  s w i t c h .  Another 

o u t p u t  w a s  the  MET DATA d i s p l a y  which is made up of l i g h t - e m i t t i n g  d i o d e s .  

The measurement b e i n g  d i s p l a y e d  w a s  i n d i c a t e d  by a series of labeled l i g h t s  

below the d isp layed  number. There were o u t p u t  c o n n e c t o r s  f o r  a p r i n t e r  and an 
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a u d i o  cassette recorder .  The p r i n t e r  o u t p u t  w a s  connected to  a modif ied HIJ-97 

( H e w l e t t  packard)  p r i n t e r  c a l c u l a t o r  which a u t o m a t i c a l l y  p r i n t e d  t h e  o u t p u t  

d i s p l a y  by MET DATA d i s p l a y .  

E l e c t r i c  Winch 

The electric winch ( F i g .  6) was powered by a 12-vol t  d.c. permanent 

magnet motor. The winch speed and d i r e c t i o n  were c o n t r o l l e d  by vary ing  t h e  

armature v o l t a g e  and p o l a r i t y  from 0 V to  lt12 V. The a s c e n t  and d e s c e n t  rates 

w e r e  0 t o  30 meters per minute.  A Kevlar b r a i d e d  900-meter t e t h e r  l i n e ,  

0.64-mm i n  d iameter ,  weighing 40 grams per 100 meters and having  a break 

s t r e n g t h  of 50 k i lograms,  w a s  used as t h e  t e t h e r  l i n e .  

Ba 1 loon 

The hlimp-shaped b a l l o o n  w a s  made of urethane-coated nylon f a b r i c  w i t h  

f o u r  i n f l a t a b l e  f i n s .  During extended p e r i o d s  of o p e r a t i o n ,  it w a s  k e p t  i n  a 

s h e l t e r  between f l i g h t s  and o c c a s i o n a l l y  "topped o f f "  wi th  helium to  m a i n t a i n  

p r o p e r  i n f l a t i o n .  The b a l l o o n  had f o u r  a t tachment  p o i n t s ;  t h e  t w o  forward 

p o i n t s  were used t o  a t t a c h  t h e  t e t h e r  l i n e ,  whi le  t h e  two a f t  p o i n t s  were used 

t o  a t t a c h  t h e  s e n s o r  package ( F i g .  1 ) .  

The system had aerodynamic l i f t ;  consequent ly ,  t h e  wind c o n t r i b u t e d  t o  

r a i s i n g  t h e  system to  i t s  d e s i r e d  he ight .  The b a l l o o n  had an o p e r a t i n g  

a l t i t u d e  l i m i t  of about  800 meters. The b a l l o o n  would f l y  s a f e l y  i n  winds u p  

t o  10 meters/sec. A t  h i g h e r  wind speeds,  t h e  b a l l o o n  system would e x h i b i t  

u n s t a b l e  P l i g h t .  

LARGE TETHERED BALLOON 

Two l a r g e  t e t h e r e d  b a l l o o n  sizes were a v a i l a b l e  f o r  use ,  depending on t h e  

payload ,  a l t i t u d e ,  and weight  requirements .  Both b a l l o o n s  (models TRF2D-3500 
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and TRF3D-3500) were manufactured by Raven I n d u s t r i e s ?  Inc.  The d i f f e r e n c e  

between t h e  two b a l l o o n s  i s  t h e  number of d i l a t i o n  p a n e l s .  Some of t h e  

projects which t h i s  b a l l o o n  system h a s  supported are l i s t e d  i n  Table  111. 

The ba l loons  are aerodynamica l ly  shaped non-r igid s t r u c t u r e s  conforming 

t o  a modif ied class "C" shape wi th  a f i n e n e s s  ra t io  of 2.75 t o  1. These 

b a l l o o n s  are s t a b l e  i n  winds up t o  28 meters/sec. The h u l l s  are made from 

u r e t h a n e  coated nylon f a b r i c  and have a r i g i d  4-f in  tail assembly (F ig .  7 ) .  

The f i n  framework c o n s i s t s  of aluminum t u b i n g  to  which t h e  f i n  f a b r i c  is 

l a c e d .  Load l i n e s  are a t t a c h e d  to  t h e  h u l l  and converge t o  a s i n g l e  p o i n t  

below t h e  bal loon f o r  a t tachment  to  t h e  t e t h e r  l i n e .  The b a l l o o n s  have a 

d i l a t i o n  p a n e l  t o  compensate f o r  i n t e r n a l  p r e s s u r e  changes r e s u l t i n g  from 

tempera ture  and a l t i t u d e  v a r i a t i o n s .  The t e t h e r  l i n e  i s  made of b r a i d e d  

Kevlar  w i t h  a nylon-braided s c u f f  j a c k e t .  The l i n e  is 3.18-mm d i a m e t e r ?  

weighs 7.4 kq per 1000 m, h a s  a b r e a k i n g  s t r e n g t h  of 725 k i lograms,  and i s  

3100 meters long. 

Te ther  Sys t e m  

The t e t h e r  system w a s  powered by a 5 horsepower motor coupled t o  a g e a r  

box (F ig .  8 ) .  The motor had a s e l f - c o o l i n g  blower and a f a i l - s a f e  magnetic 

brake .  A n  SCR ( S i l i c o n  C o n t r o l l e d  R e c t i f i e r )  control ler  provided variable 

speed control, with forward and r e v e r s e  speeds  as w e l l  as a stop p o s i t i o n .  

The motor g e a r  box provided 7.25 kilogram-meters of torque o v e r  t h e  range of 4 

to  87 RPM. 

The gear box used a c h a i n  d r i v e  to  rotate t h e  retrieval drum on which the 

Kevlar t e t h e r  l i n e  w a s  wound. There w a s  a lso a l e v e l  wind mechanism to  

uni formly  wind t h e  l i n e  on t h e  drum. The l i n e  e x i t e d  through t h e  l eve l  wind 
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t o  a f a i r  l e a d  p u l l e y  l o c a t e d  about  30 meters i n  f r o n t  of the t ra i ler  (F ig .  

9 ) .  me fa i r  lead p u l l e y  was a t tached  t o  a l a r g e  plate  which w a s  secured  t o  

t h e  ground by .180  kg. of l e a d  weights. This  p u l l e y  p e r m i t t e d  t h e  b a l l o o n  to  

be launched and r e t r i e v e d  i n  an  unobstructed area. 

Separa t ion  System 

The payload s e p a r a t i o n  system was a radio command system c o n s i s t i n g  of a 

receiver/decoder and t ransmi t te r /encoder .  The r e c e i v e r  package of approxi-  

mate ly  0.19 kg w a s  packaged i n  a weather r e s i s t a n t  case and w a s  mounted on t h e  

u n d e r s i d e  of t h e  payload.  Nickel-cadmium batteries provided  a 48-hour 

o p e r a t i o n a l  p e r i o d  b e f o r e  recharging w a s  r e q u i r e d .  The f l i g h t  payload 12-vol t  

power supply  w a s  used to  f i re  the l i n e - c u t t i n g  d e v i c e s  to  s e p a r a t e  t h e  payload 

from t h e  b a l l o o n .  The t r a n s m i t t e r / e n c o d e r  w a s  c o n f i g u r e d  t o  operate a t  a 

f requency  of 164 MHz. The t r a n s m i t t e r  o p e r a t e d  a t  7 w a t t s  i n  the  VHF band and 

4 w a t t s  i n  t h e  UHF band. The t ranmi t te r /encoder  t r a n s m i t t e d  a coded s i g n a l  

for commanding t h e  rece iver /decoder  to  e l e c t r i c a l l y  a c t i v a t e  t w o  l i n e  

c u t t e r s .  

A 3.66-m d i a m e t e r  f l a t  c i r c u l a r  p a r a c h u t e  w a s  used €or payload recovery.  

The p a r a c h u t e  w a s  packaged i n  a f a b r i c  deployment bag which w a s  a t t a c h e d  t o  

t h e  payload suspens ion  bar. The parachute  risers were t h e n  connected to  t h e  

payload.  on command, t h e  l i n e  c u t t e r s  severed  t h e  l i n e s  connec t ing  t h e  

payload package to  t h e  payload suspension bar, c a u s i n g  t h e  p a r a c h u t e  t o  

e x t r a c t  and deploy  as it descended, 

Ins t rumenta t ion  L a b  and Trailer 

A f l a t b e d .  t ra i ler  ( F i g .  10)  was used as a base €or t h e  ground s u p p o r t  

equipment,  t h e  launch and r e t r i e v a l  equipment,  and the ground s t a t i o n  and 



8 

d a t a - g a t h e r i n g  equipment. The t e t h e r  d r i v e  and control system were located on 

t h e  f r o n t  end of t h e  f l a t b e d .  The receiver an tenna  w a s  also l o c a t e d  toward 

t h e  f r o n t  of the t ra i le r  a d j a c e n t  t o  the winch. The l a b  c o n t a i n e d  a l l  t h e  

ground s t a t i o n  and data p r o c e s s i n g  equipment. 

c o n d i t i o n i n g  and h e a t i n g ,  and o p e r a t e d  from a 220 vo l t ,  3 phase l i n e .  The 

t ra i ler  could  be r o u t i n e l y  moved over land  t o  f i e l d  sites by a s t a n d a r d  

The lab had b o t h  a i r  

tractor.  

F l i g h t  I n s t r u m e n t a t i o n  Package 

The f l i g h t  i n s t r u m e n t a t i o n  package was f a b r i c a t e d  from aluminum and is  

i l l u s t r a t e d  i n  F i g u r e s  11, 12, and 13. It  w a s  0.41-meter long ,  0.41-meter 

h i g h ,  and 0.41-meter w i d e  (0.68-cubic meter) and w a s  suppor ted  on f o u r  l e g s  

and a base. During f l i g h t  t h e  package w a s  suspended 15 meters below t h e  

h a l l o o n .  The f l i g h t  package weight  w a s  approximately 20 ki lograms.  It  w a s  

d i v i d e d  i n t o  two s e c t i o n s .  The t o p  s e c t i o n  c o n t a i n e d  t h e  basic m e t e o r o l o g i c a l  

d a t a - g a t h e r i n g  s e n s o r s  and a s s o c i a t e d  electronics. The bottom s e c t i o n  was 

a v a i l a b l e  f o r  s p e c i f i c  e x p e r i m e n t a l  equipment such as aerosol and ozone 

i n s t r u m e n t s .  

The basic meteorological d a t a - g a t h e r i n q  sensors were t h e  wind speed ane- 

mometer, a l t i t u d e  t r a n s d u c e r ,  dry-  and wet-bulh t h i n i s t o r s ,  and wind d i r e c t i o n  

indicator .  The s p e c i f i c a t i o n s  f o r  t h e s e  s e n s o r s  are d e l i n e a t e d  i n  Table I V .  

The Quartz C r y s t a l  Microbalance ( Q C M )  Impactor w a s  a 1 0-s tage aerodynamic 

i n e r t i a l  impactor used f o r  c o l l e c t i n g  and measuring t h e  mass c o n c e n t r a t i o n  and 

s i z e  d i s t r i b u t i o n  of suspended aerosol p a r t i c l e s .  The p r i n c i p a l  f e a t u r e  of 

the Q C M  w a s  i t s  a b i l i t y  t o  separate submicrometer particles down to  0.05- 

micrometer diameter and provide  s i z e  d i s t r i b u t i o n  and mass c o n c e n t r a t i o n  data. 



9 

The ozone sampler w a s  an  e l e c t r o c h e m i c a l  c o n c e n t r a t i o n  cel l  ozonesonde 

used for measuring t h e  ver t ica l  d i s t r i b u t i o n  of a tmospher ic  ozone. The s e n s o r  

used w i t h i n  t h e  sonde w a s  an  iod ine- iodide  redox electrode c o n c e n t r a t i o n  cel l  

made of t w o  b r i g h t  p la t inum e l e c t r o d e s  immersed i n  potassium i o d i d e  s o l u t i o n s  

of  d i f f e r e n t  c o n c e n t r a t i o n s  contained i n  separate ca thode  and anode chambers 

t h a t  are f a b r i c a t e d  from Teflon res in .  The chambers w e r e  l i n k e d  t o g e t h e r  w i t h  

a n  i o n  b r i d g e  which s e r v e d  as a n  ion pathway and r e t a r d e d  mixing of the 

ca thode  and anode e l e c t r o l y t e s ,  thereby p r e s e r v i n g  their  c o n c e n t r a t i o n s .  

An a i r  pump bubbled a i r  c o n t a i n i n g  ozone through t h e  cathode e l e c t r o l y t e ,  

r e s u l t i n g  i n  t h e  release of i o d i d e  and an  electrical c u r r e n t  p r o p o r t i o n a l  to  

t h e  ozone c o n c e n t r a t i o n .  The c u r r e n t  (0-6 ma) emitted by the electrochemical 

c o n c e n t r a t i o n  ce l l  d u r i n g  t h e  measurement of ozone w a s  impressed upon a s i m p l e  

t w o - t r a n s i s t o r  c o u p l e r ,  t h e  r e s i s t a n c e  of which v a r i e d  w i t h  t h e  magnitude of 

t h e  impressed c u r r e n t .  

Data R e t r i e v a l  System 

The o u t p u t  from each s e n s o r  i n  t h e  f l i g h t  i n s t r u m e n t  package was 

c o n v e r t e d  t o  a frequency and was coded by f r e q u e n c y - s h i f t  keying. All t h e  

s i g n a l s  were summed and t h e  r e s u l t a n t  s i g n a l  modulated t h e  1680 megahertz 

t r a n s m i t t e r .  me d a t a  were te lemetered c o n t i n u o u s l y  t o  t h e  ground r e c e i v e r  

(F ig .  1 4 ) .  

fie r e c e i v e r  s t r i p p e d  t h e  1680 MHz s i g n a l ,  and t h e  i n f o r m a t i o n  s i g n a l  w a s  

recorded on channel  1 of a 2-channel a u d i o  tape r e c o r d e r .  A real-time c l o c k  

w a s  recorded  on channel  2. The information s i g n a l  was also a p p l i e d  t o  a 

10-channel Frequency S h i f t  Key (FSK) demodulator.  This  u n i t  separated 

t h e  i n f o r m a t i o n  s i g n a l  i n t o  t h e  o r i g i n a l  s i x  FSK channels  and demodulated 
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t h e s e  s i g n a l s  to a form i n  which frequency w a s  p r o p o r t i o n a l  t o  t h e  measured 

parameter. These s i g n a l s  were conver ted  from frequency t o  d i g i t a l  i n f o r m a t i o n  

by a n  i n t e r f a c e  u n i t .  The o u t p u t  of the i n t e r f a c e  w a s  applied to  t h e  

Tekt ronix  4051 o v e r  a g e n e r a l  purpose i n t e r f a c e  bus.  The 4051 accepted t w o  

complete sets of d a t a  a t  a 1-second i n t e r v a l .  A computing process took place 

which al lowed t h r e e  s e l e c t e d  parameters to  be plotted a g a i n s t  a l t i t u d e  on the  

g r a p h i c s  d i s p l a y  (Fig. 15) whi le  a l l  the computed d a t a  were recorded on a 

cassette tape. This process w a s  repeated e v e r y  5 seconds u n t i l  t h e  4051 

memory w a s  f i l l e d ,  r e p r e s e n t i n g  a m a t r i x  of 250 by 7 channels .  I n  the f i e l d ,  

a hard  copy of t h e  data plots could  be o b t a i n e d  along with t h e  l i s t i n g  of a 

250- by 5-channel memory mat r ix .  



1 1  

S t a t u s  

The t e t h e r e d  b a l l o o n  systems have a d i s t i n c t  advantage over  o t h e r  methods 

of t r o p o s p h e r i c  environmental  d a t a  g a t h e r i n g .  

k i l o m e t e r s  above t h e  E a r t h ' s  s u r f a c e ,  most c o n v e n t i o n a l  i n  s i t u  a i r  sampling 

I n  t h e  r e g i o n  of 0 t o  3 

t e c h n i q u e s  have s e r i o u s  drawbacks. Ground-based o b s e r v a t i o n s  cannot  provide 

t h e  ver t ical  or h o r i z o n t a l  v a r i a b i l i t y ,  and a i r c r a f t - b a s e d  o b s e r v a t i o n s  have 

sampling problems caused by l a c k  of i n s t r u m e n t  response and d i f f i c u l t i e s  i n  

unders tanding  probe losses. It is  a l s o  d i f f i c u l t  f o r  a i rcraf t  t o  develop  

i i n i n t r u s i v e  ver t ical  p r o f i l e s .  Instrumented t e t h e r e d  b a l l o o n  systems,  however, 

do n o t  s u f f e r  from t h e s e  l i m i t a t i o n s  f o r  t r o p o s p h e r i c  and boundary l a y e r  

measurements. Furthermore,  t h e  system's real  t i m e  c a p a b i l i t y  e n a b l e s  t h e  

r e s e a r c h e r  t o  make d e c i s i o n s  i n  the f i e l d  d u r i n g  exper iments .  The FM s i d e b a n d  

c o n f i g u r a t i o n  also a l l o w s  s imultaneous m u l t i p l e  parameter measurements. 

0 

S e v e r a l  r e p o r t s  have been w r i t t e n  i n  r e f e r e n c e  to  s t u d i e s  which w e r e  

performed u s i n g  t h e  b a l l o o n  systems as r e s e a r c h  ins t ruments .  Some of t h e s e  

reports are: 

1 .  Youngbluth, 0. Jr.; Storey ,  R. W.; Clendenin,  C. G.; Jones ,  S.; and 

Leighty ,  R. : "Ozone Profiles From Tethered  Balloon Measurements I n  An 

Urban Plume Experiment." IEEE Southeas te rn  Convention, H u n t s v i l l e  , 

Alabama, A p r i l  5-8, 1981. 

2. Holzworth, R. H.; Dozey, M. H.; Schnauss,  E. R. and Youngbluth, 0. Jr.: 

"Direct Measurement Of Lower Atmospheric Vertical P o t e n t i a l  Di f fe rences ."  

R e p o r t  No .  SSL-81( 7881 ) -03.  The Aerospace Corpora t ion ,  Los Angeles , 

C a l i f o r n i a ,  1981. 

3 .  S e n t e l l ,  R.  J.; Storey ,  R. W.; Chanq, J. J. C. and Jacobson,  S. J.: 

"Tethered Balloon-Based Measurements of Meteoro logica l  Variables and 

Aerosols." NASA mX-73999 (NTIS N77-155861, December 1976. 



TABLE I.- Small  Balloon System P a s t  P r o j e c t s  
12 

P r o j e c t  Date - Locat ion  Data Gathered 

Sou theas t e rn  Vi rg in i a  July-Aug. 1979 Chesapeake, VA Meteorology 
Urban Plume Study and Ozone 

F l i g h t  E f f e c t s  October 1979 Wallops F l i g h t  Meteorology 
P r o j e c t  ( O V I B )  * C e n t e r ,  VA 

Excess Ground November 1979 Wallops F l i g h t  Meteorology 
At t enua t ion  Tower Center ,  VA 
T e s t  

PEPE/NEROS* * 

F l i g h t  E f f e c t s  
P r o j e c t  ( OVIB) 

July-Aug 1980 Columbus, OH Meteorology 
and Ozone 

September 1980 Wallops F l i g h t  Meteorology 
June 1981 C e n t e r ,  VA 
November 1981 

Summer Experiment July-Aug. 1981 F o r t  S to ry ,  VA Meteorology 
a 

and Ozone 

* F l i g h t  e f f e c t s  on f a n  no i se  program u t i l i z i n g  OVIB a i r c r a f t  with JT15D test 
engine .  

* * P e r s i s t e n t  Elevated P o l l u t i o n  Episodes /Nor theas t  Region Oxidant S t u d i e s  



13 
TABLE I1 .- Small Balloon System S p e c i f i c a t i o n s  

A. F l i g h t  Package Sensors  

Dry- and wet-bulb tempera ture  
P res su re  
Wind speed 
Wind d i r e c t i o n  
Ozonesonde 

B. Telemetry Link 

Modulation 
Frequency 
Format 

C. T ransmi t t e r  -- 
Frequency 
Frequency s t a b i l i t y  
Modulation 
Power o u t p u t  

D. F l i g h t  Package 

S i z e  
Weight (wi thou t  ozonesonde) 
Weight (wi th  ozondesonde) 
Maximum a l t i t u d e  

E. Ground Receiver  

Frequency range 
Number of channels  
Frequency s t a b i l i t y  
Channel spac ing  
S e n s i t i v i t y  
S e l e c t i v i t y  
Audio o u t p u t  
S i z e  
Weight 
Antenna 
Microcomputer 

-50' to +SO0 C +-0.5O C 
0 to  100 m i l l i b a r s  f l  mb 
0.5 to  20 m/s f0.25 m/s 
0-360' f S O  
ppb f 10% 

PAM-FM ( t i m e  m u l t i p l e x )  
3 kHz +7.5% 
Time m u l t i p l e x  on channel  A; 
cont inuous  on B 

400-420 MHZ FM 
(-30 to  +60° C) 0*0005% 
16 F3 
5 mW 

9 by 12 by 48 cm 
1.0 kg 
1.22 kg 
800 meters 

400-420 MHZ FM 
4 
(0' t o  +60° C) 0.0005% 
25 kHz 
0.5 eV 
60 db 
500 mW 
15 by 11.5 by 44.5 c m  
672 g 
15-cm whip wi th  ground p l a i n  
I n t e l  8080A wi th  2500 word 
memory 



TABLE 11. (continued) 
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F. Balloon 

S i z e  
Volume 
stat ic  l i f t  ( s e a  l e v e l )  
Materia 1 
Helium required 

4 .9  x 1.39 m 
4.25 m3 
4 .0  kg 
Urethane coated nylon f a b r i c  
Approx. 1-K c y l i n d e r  

G .  Winch 

Line 

Weight 
S i z e  

Power 

0.64-mm d i a  KEVLAR, 
50-kg R . S . ,  91 5 meters 
0.40 kq/km 
27 kg (59 .5  l b )  
40 by 23 by 25 c m  
(15 .75  by 9 .06  by 9 .84  i n . )  
12 V @ 1-5A 
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TABLE 

P r o j  ec t 

Sou theas t e rn  V i r g i n i a  
Urban Plume Study 

PEPE/NEROS* 

P r o p e r t i e s  of A t m .  
P a r t i c l e s  i n  Arid 
Regions 

H i - W i r e  

Wide Body Noise 
E f f e c t s  

Trash Burner 
P o l l u t i o n  Study 

Summe r Experiment 

Trace Gas Sampling 

111.- Large Balloon 

Date - 

July-AUg 1979 

March 1980 

Sept .  1980 
May 1981 

Nov. 1980 

D e c .  1980 

July-Aug 1981 

Sept. 1983 

System P a s t  P r o j e c t s  

Loca t ion  Data Gathered 

Wallops I s l a n d ,  Ozone, 
V i r g i n i a  Meteorology 

Aberdeen Provid ing  Ozone, 
Ground, Maryland Meteorology 

Tucson, 
Arizona 

Aerosols, 
Meteorology 

Wallops I s l a n d ,  Meteorology 
V i r g i n i a  

Wallops F l i g h t  Meteorology 
Cen te r ,  V i r g i n i a  

Langley Research Meteorology 
Center ,  V i r g i n i a  Aerosols 

Northwest , Ozone 
V i r g i n i a  Meteorology 

Wallops I s l a n d ,  S a l t  Water 
v i  r g i  n i  a Marsh Gases 

* P e r s i s t e n t  Eleva ted  P o l l u t i o n  Episodes/Northeast  Region Oxidant S t u d i e s  



TABLE 1v.- Large system F l i g h t  Instruments  S p e c i f i c a t i o n s  

Wind Speed Anemometer 

Make: weather Measures 
Model: W-103 
Ca l ib ra t ion :  Wyle Labs. 0-28 m/sec. 

P r e c i s i o n  0.2m/sec. 
Threshold 0.6 mph 
Accuracy +-1% 

A l t i t u d e  Transducer 

Make: P a r o s c i e n t i f i c  Corp. - D i g i q u a r t z  
Model : 230A-002 
C a l l i b r a t i o n :  Wyle Labs. 
Meas. ACC: 210.5 m r e p e a t a b i l i t y  0.005% FS 

Dry- and Wet-Bulb Thermistors 

Make: V i c t o r y  Eng. C o l  
Model: T h i n i s t o r  41 K-2A-200 
Meas. A c c :  kO.0So F; 5-10% re1 humidi ty  
Time Cons tan t :  3-5 sec d r y  

30-60 sec w e t  

Wind D i r e c t i o n  I n d i c a t o r  

Make: S u p p l i e r  A.I.R. 
Mode : Tethersonde 
C a l i b r a t i o n :  P r e c i s i o n  f5O ; r e s o l u t i o n  1 O 

Time Cons tan t :  2-5 sec 

Ozone Sampler 

Make: Sc ience  Pump Corp. 
Mode 1 : Elec t rochemica l  C o n c e n t r a t i o n  C e l l  
Accuracy: 25% of c a l i b r a t i o n  wi th  no i n t e r f e r e n c e  
Time Cons tan t :  30-70 sec 

S i z i n a  Aerosol  Counter 

Make: C a l i f o r n i a  Measurements, Inc.  
Model: PC-2, cascade impactor 
Type: Quartz C r y s t a l  Unbalance 
Time Cons tan t :  Approx. 90 sec 
S t a g e s :  9 
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